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ifying at least locally the chemical composition of a part 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention is directed to the pat- 
terning ol organic polymer films comprising phenyl 
groups These polymer lilms are used e.g. as inter- or 
mtra-dielectric layers m semiconductor device fabrica- 
tion lor isolation purposes in multi-metal layer struc- 
tures 

BACKGROUND OF THE INVENTION 

[0002] The increasing complexity of integrated cir- 
cuits the growing number ol metal levels and the focus 
on increasing speed ol these circuits demands lor tow 
permittivity materials, particularly lor use as .nter-metal 
layers . e used to isolate two metal levels one from an- 
other or mtra-metal layers, i.e. used to isolate metal pat- 
terns possibly formed within the same metal level one 
lr0 m another Conventionally, metal rtewnne* 
mostly aluminum layers, with silicon 
are used but this conventional solution will not be able 
,o meet .he stringent specifications resulting from he 
acove mentioned .rends Therefore to avoid that he 
larger portion ol the total circuit delays caused by the 
resistance and particularly by the capacitance of the in- 
Connect system, one has to reduce the permit.*, y of 
,ne die.ec.nc used. This is stated in numerous . publica- 
ns e g m Table i ol H.K. Laxman. 'Low r d.electnc. 
CVD Fluonnated Silicon Dioxides" Semiconductor I n- 
,erna.,ona. Mayi995 pp 71-74. Alow e material, a. ow 
K materia, and a ma.enal with a low permitt.v.ty are all 
ai.erna.ive expressions lor a material with a low dieleo 
c onsian. a. leas, .or the purposes of thts disctosure^ 
Therefore mima.unzation has lead to an intensified 
search lor new low K ma.er.a.s. The most desirable ma- 
terial should have a low K value, tow mechanical stress. 
h ,gh .herma. stability and tow moisture * 
thermore .he des.red material should be selected 
Based on me compatibility with state-ol -the-art semicon- 
ouc.or processing steps and tools 
[0003] Pan of the search lor new low K materials was 
Greeted l0 changing the properties of silicon diox.de as 
deposned Deposited silicon dioxide is the most widely 
used dielectric inter- or mtra-metal material having a K 
value ol about 3 9 Several publications have md.cated 
ma. me K value of silicon diox.de f.lms can be reduced 
by introducing increasing amounts ol fluorine in said 
,1, a wide variety ol processes to deposit fluonnated 
silicon oxide films are known like e.g. a Plasma En- 
hanced Chemical Vapour Deposition (PECVD) process 
as ,n the United Slates patent US5641581 Using these 
processes K values m the range between 3 and 3.5 are 
reported dependant of the amount of fluorine atoms in- 
corporated, i.e. an increasing amount ol fluorine leads 
to a decrease ol the K value. 
[0004] Besides the locus on changing the properties 



ol silicon oxide, there is an ongoing search for new low 
K materials amongst others because a K value ol 3 is 
still too high. These new materials can be divided rough- 
ly in two groups: the inorganic low-K materials and the 
s organic low-K materials. The inorganic low-K materials 
have mostly interesting K values below 2 or even below 
1.5 like e.g. xerogels. but these materials are mostly not 
compatible with the fabrication process of integrated cir- 
cuits. The organic low-K materials, especially the organ- 
to ic spin-on materials, however have a K-value typically 
in .he range from 2.5 to 3. These organic materials are 
ol particular, interest because (hey feature simplified 
processing, excellent gap-fill and planarization 
[000$] The benefits ol using such organic low-K spm- 
r« on materials are partly nullified by the need to introduce 
an inorganic hard mask layer lor the patterning ol an 
organic low-K spin-on material. For the purpose of this 
disclosure, ahard mask layer is defined as a layer which 
can be etched selectively to an other layer and which 
20 therefore can be used as an etch mask to etch said other 
layer Traditional lithographic resists are not suited to be 
used as hard mask layers lor patterning organic low-K 
spin-on materials because these resists are also based 
on organic polymers resulting in an insufficient etch se- 
H lectivity with regard to the organic low-K spm-on mate- 
rial Conventionally, inorganic hard mask layers like s. - 
won oxide or silicon nitride layer are used as in e g M 
Schier fUE of BCB using a silicon nitr.de dielectric etch 
LskV J E.ectrochem.Soc . vU2. n9 p.3236 ,99 
30 A Lagendijk et al. MRS SympProc v443 p 177 
1997 These conventional inorganic hard mask layers 
have a rather high K value, i.e. lyp-cally in the range ol 
3 9 and above, which makes them less suttabie tor in- 
terconnect or isolation structures wherein said hard 
* mask layers can not be removed. Examples o such 
structures are damascene structures where .he hard 
mask layer can be positioned in between two dielectric 
,ayers. If these dielectric layers are low K organic layers 
part of the benefit of us.ng such low K layers ts nullified 
40 because the K value of the inorganic hard mask layer 
contributes significantly to the mean value (X ^* va ' ue 
of the total dielectric stack comprising the hard mask lay- 
er and the two low K layers 



JS AIM OF THE INVENTION. 

f0006] An aim ol the present invention is to form a 
hard mask layer in an organic polymer layer by modify- 
ing at least locally the chemical composition ol a part of 

so an exposed organic low-k polymer said polymer com- 
prising phenyl groups. This modification starts from an 
exposed surface ol the polymer and extends into the 
polymer thereby increasing the chemical resistance ol 
me polymer. As a result, this modified part can be used 

ss as a hard mask lor plasma etching. This mediation ,s 
performed by exposing the low k polymer to an ambient 
comprising fluonne. substantially without changing the 
film thickness, i.e. substantially without etching me low 
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k polymer By dotng so the use ol an extra hard mask 
layer, particularly ao inorganic hard mask layer, can be 
avoided or at least removed subsequently Furthermore, 
the mean K value even decreases due to the fluorina- 
non 

SUMMARY OF THE INVENTION 

[0007] In an aspect of the invention a method is dis- 
closed to form a hard mask layer in an organic polymer 
layer by modifying at least parity the chemical compo- 
sition of a first region of an organic polymer film, said 
first region bsmg uncovered. This modification is per- 
formed by exposing a surface of said organic polymer 
him to an ambient comprising fluorine substantially with- 
out changing the thickness of said first region of said 
organic polymer film As a result a part of said first region 
ol said organic polymer film is fluormated leading to an 
increase in chemical resistance and a decrease of the 
K value ol said pan. said part starts at a surface of said 
drst region and extends in the polymer film with elapsing 
exposure time. Thereafter a layer, forming a diffusion 
barrier lor fluorine and covering a surface of said second 
region is removed from said second region, yielding 
said organic polymer film comprising said first region 
and said second region, wherein a surface of said first 
region and a surface of said second region are expos- 
abie Thereafter, an etching procedure can be applied 
on said organic polymer film to remove selectively at 
least a pan of said second region using said first region 
as a hard mask 

(0008] According to this aspect of the invention, a 
meihod lor patterning an organic polymer film is dis- 
closed said method comprising the steps of : 

defining at least one first region and at least one 
second region in an organic polymer film formed on 
a substrate said first region being uncovered and 
said second region being covered with a layer form- 
ing a diffusion barrier (or fluorine: 
exposing said first and said second region loan am- 
bient comprising fluorine resulting in the fluorination 
ol at least a part of said first region, 
removing said layer 

selectively removing at least a part of said second 
region by etching, using said first region as a mask. 

[0009] In an embodiment ol the invention the expo- 
sure of said organic polymer film to fluorine is performed 
m a plasma ambient comprising fluorine The conditions 
ol said plasma ambient are such that damaging, i.e. 
etching, ol said first region of said organic polymer film 
is avoided As a consequence the thickness of the partly 
fluormated organic polymer layer remains substantially 
unchanged compared to the pristine one. Preferably 
said plasma is a fluorine based plasma, where the fluo- 
rine source is selected from the group comprising NF 3 , 
SF 6 CIF 3 F 2 . XeF 2 . C x F y . x and y being positive whole 



numbers greater then zero 

[0010] In another embodiment of the invention a 
method is disclosed wherein said organic polymer dim 
comprises at least one phenyl group. Particularly said 
5 organic polymer film comprising at least one phenyl 
group can be selected from a group comprising the ben- 
zocyctobularenes. poly arylene ether, aromatic hydro- 
carbon, and polyimides. Phenyl groups comprise car- 
bon-hydrogen bonds, which can easily be attacked by 
f0 reactive species, such as atomic fluorine generated m 
a plasma or another ambient comprising active fluorine 
Said active fluorine can abstract hydrogen from carbon 
in said phenyl groups. As a result, at !••*( a part ot the 
organic polymer layer is fluormated leading 10 a lower 
15 permittivity value compared to a pristine one and a high- 
er chemical resistance especially in regard to an oxygen 
or an oxygen-fluorine based RIE (reactive ton etch) plas- 
ma. 

[0011] In another aspect of the invention, a method 
20 for forming a patterned hard mask layer in an organic 
polymer film is disclosed, said method comprising the 
steps of: 



fluorinating a part of an organic polymer film said 
2$ fluorinated part forming a first hard mask layer 

forming a patterned second hard mask layer on said 
film: 

patterning said first hard mask layer using said pal- 
- terned second hard mask layer as a mask 
30 removing said second hard mask layer and 

etching said organic polymer film using said pat- 
terned first hard mask layer as a mask 

[0012] According to the present invention, the method 
3S for forming a patterned hard mask layer in an organic 
polymer film can be used in the process ol fabricating 
integrated circuits and particularly tor the fabrication of 
devices comprising interconnect structures 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 represents, according to an embodi- 
ment of the invention, the etch rate ol 8CB (Cyciotene 
5021™) in a plasma ambient comprising a mixture ol 

-*s NF 3 .0 2 and He versus the percentage ol NF 3 The total 
gas flow was 115 seem, whereas the pressure in the 
chamber was 1 .30 Torr. The He flow was kept constant 
and equal to 65 seem The flows of NF 3 and 0 2 were 
chosen complementary and were varied between 0 and 

so 50 seem, whereby the sum of the NF 3 flow and the 0 2 
flow was kept constant and equal to 50 seem The per- 
centage ot NF 3 in the figure is the relative amount of 
NF 3 compared to the amount ol NF 3 and 0 2 without tak- 
ing into account He. 

55 [0014] Figure 2 represents according to an embodi- 
ment of the invention, the etch time versus the film thick- 
ness ot three SiLK films, i.e a pristine SiLK film 14) and 
two fluorinated SiLK films, i.e. which were exposed in a 
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NF-j ambient respectively with a lloorination lime ol 5 
seconds |5) and 10 seconds (6) 
[0015] Figure 3 represents, according to an embodi- 
ment ol the invention a detailed description ol the 
processing steps involved to create a particular inter- 
connect structure 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] In relation to the appended drawings the 
present invention is described in detail in the sequel. It 
is apparent however thai a person skilled in the art can 
imagine several other equivalent embodiments or other 
ways ol executing the present invention, the spirit and 
scope ol the present invention being limited only by the 
le rms ol the appended claims. 
,00171 m an aspect ol the invention a method is dis- 
closed to lorm a hard mask layer in an organic polymer 
him by modilymg at least partly the chemical composi- 
non ol a first region ot an organic polymer film compns- 
,ng at least one phenyl group, said lirst region being un- 
covered This modification is performed by exposing a 
surtace ol said organ* polymer film to an ambient com- 
pnsmg lluorme substantially without changing the thick- 
ness ol said first region of said organic polymer him. 
Phenyl groups comprise carbon-hydrogen bonds, which 
can be attacked by reactrve spec.es such as atomic flu- 
orine generated in a plasma or another ambient com- 
pnsmg active fluorine Said actrve fluorine can abstract 
nydrogen from carbon in said phenyl groups. Therefore, 
the method involves a formal replacement ot hydrogen 
ov ftoorme Furthermore, due to the small size ol the flu- 
orine atoms ihey can eas.ly diffuse through the organic 
polymer Mm. Consequently the replacement ol hydro- 
aer .by fluorine .s not limned «o the surlace layer ol the 
him but also extends further .n the film. Fluorine .s the 
most electronegative and the least polanzable element 
on the periodic table The incorporation ol fluonne m 
sa.d organic polymer film makes said film less polanza- 
ble As a result a part ol said first region of said organic 
polymer lilm is lluor.nated leading to an increase m 
chemical res.s.ance and a decrease ol the K value ol 
sa.d par. sa.d part starts at a surlace ol said first reg.on 
and extends in the polymer film with elapsing exposure 

[00181 Therealter a layer, forming a diffusion barrier 
lor fluonne and covering a surlace ol said second region 
,s removed from said second region, yielding said or- 
ganic polymer film comprising said first region and said 
second region wherein a surface of said first region and 
a surtace ol said second region are exposable. There- 
alter an etching procedure can be applied on said or- 
ganic polymer film to remove selectively at least a part 
ol said second region using said first region as a hard 
mask. 

[0019] According to this aspect ol the invention, a 
method for patterning an organic polymer film is dis- 
closed said method comprising the steps ol 



defining at least one first region and at least one 
second region in an organic polymer lilm lormed on 
a substrate, sari polymer tilm comprising at least 
one phenyl group, said first region being uncovered 
s and said second region being covered with a layer 
forming a diffusion barrier lor fluorine 
exposing said first and said second region to an am- 
bient comprising fluorine resulting in the fluormation 
of at least a part of said first region 
w removing said layer: 

selectively removing at least a part ol said second 
region by etching, using said first region as a mask 

[0020] In an embodiment ol the invention the expo- 
»s sureol saidorgane polymer lilm to fluorine .sperlormed 
in a plasma ambient compns.ng fluonne. The cond.t.ons 
of said plasma ambient are such that damaging. i.e 
etching of said first region of said organic polymer lilm 
is avoided As a consequence the thickness of the partly 
20 fluortnated organic polymer layer remains substantially 
unchanged compared to the pristine one Preferably 
said plasma is a fluorine based plasma, where the fluo- 
rine source is selected from the group comprising NF, 
SF 6 . CIF 3 . F 2 . XeF 2 . C„F y . x and y being positive whole 
zs numbers greater than zero. 

[0021] in another embodiment ot the invention a 
method is disclosed wherein said organic polymer dim 
comprising at least one phenyl group is selected from a 
group comprising the benzocyclobutarenes i.e. benzo- 
30 cyctobutene (BCB) commercially available as Cy- 
clotene 5021 « pdy arylene ether i.e FLARE II I ar- 
omatic hydrocarbon, i.e. SILK™, and poly.m.des Phe- 
nyl groups comprise carbon-hydrogen bonds. wh<ch can 
easily be attacked by reactive species such as atom,c 
os fluorine generated in a plasma or another ambient com- 
prising active fluorine. Said active fluorine can abstract 
hydrogen from carbon in said phenyl groups. As a result 
at least a part ol the organic polymer layer is fluor.nated 
leading to a lower permitivitty value compared to a pr.s- 
40 tine one. and a higher chermcal resistance especially .n 
regard to an oxygen-fluorine based RIE (reactive .on 
etch) plasma. By doing so the K-values can be lowered 
y.eW.ng a range trom 2 to 2.5 .nslead ol Irom 2 5 to 3 
[0022] In another embodiment ol the invention an or- 
4$ ganic polymer film comprising phenyl groups is formed 
on a substrate like e.g. a semiconductor wafer . e a sil- 
icon or a SiGe or a GaAs wafer or a non-conduct.ve 
slice ie a glass slice. After curing said film and defining 
said first region and said second region in said film said 
so lilm » exposed to a fluorine based ambient with an 
amounl of atomic fluonne typically m the range irom 
10'2 to I0'8cm-3or in the range from 10 14 to 10< 7 cm 3 
Preferably the process conditions are such that the sur- 
tace temperature ol the exposed polymer film .s be- 
55 tween 1 0 »C and 200 «C or between 30 °C and 1 00 »C 
The exposure time is typically in the order ol minutes 
e g; between 0.1 and 30 minutes or between i and 5 
minutes, but the invention is not limited hereto The 
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in.ckness ol the polymer tilm can be in the range from 
0 01 10 50 micrometer or in the range Irom 0.01 to 1 mi- 
crometer or in the range Irom 0.5 to 5 micrometer. 
[0023] In an embodiment ol the invention, as a first 
example, an organic polymer film. i.e. a SilK film, is de- ' 
posited on lop ol a silicon wafer. This substrate is ex- 
posed to an ambient comprising fluorine, i.e. a NF 3 plas- 
ma afterglow in a plasma etcher, i.e Matrix 303. in order 
to modily the chemical composition of a part of the SilK 
him The thickness and the relractive index of the film «> 
are monitored using an interferometer, i.e. Spectramap 
SM300 and a laser ellipsometer. i.e Plasmos-2002 
First ii is observed that this organic low* dielectric SiLK 
„im ,s substantially no. etched by the NF 3 afterglow, re. 
„T thickness of the fitm remains substantially the same. <* 
Th , * also observed .or 8CB films and F.are-.l 
Lhermore it . observed that lh s exposur aflec s 
only a pan of the film, said part starting at the .exposed 
: Ice o, the film and extendmg into the film. T*s P oc- 
ess , e the fluor.nat.on of said part ol the S.IK Mm. 
feads to a change ol refractive .ndex and chemical com- 
pos' on ol said fluor.na.ed par, o. the SiLK Mm. This is 

BCB Z S a h 0^3 P,sma can be^ = - 
10 we, than ,he e.ch rate lor etching P™™ frtms 
M , dependent on the C*NF, ratio. In general, the etch 
o. a (luor.na.ed polymer to a pristine one .n an 
o yg en.«.uor,ne plasma depends on the atom* (ham 
rnncentratKjn .n the plasma. For example (fig. D- the 
S a ST» o. a fluonnated BCB layer to a pristine 
one n an oxygen-fluorine plasma, where the fluonne 
so!r e!s NF 3 has a maximum correspond^ w.th a 
S N ° U con entration o. about 20% in » 
oueniiv an etch rate rat.o ol about 5 is obta.ned. Be- 
ZlsX* e.ch ra.e ra.io is mainly dependent on he 
^ fluonne concentrate, s.mi.ar etc, , ra« . rat. 
can be obta.ned lor other fluorine sources and lor other 
organic films compris-ng phenyl groups^ 
[0 6 2 41 Furthermore. .1 » observed that «"e thickness 
S nuormated part o. the Mm depends on he a.om* 
Lrme concen.rat.on. the fluonnation time. ..• the 1 ex 
poS ure..me and .he temperature This observation con- 
Ks me expects because 4S 
i uS ,on limited process Consequently said thickness o, 
sa d JuoTmated Him can be easily controlled by varying 
one ol . he aforementioned parameters. Particularly, fig. 

2 depots according .0 .he example, the etch time ver- 
us Te -m thickness 0, three SiLK films, i.e. a pnstine 
S LK mm (4) and two fluonnated SiLK films respecuve* *> 
!1 a ..uor.nat.on timeo. 5 seconds (5, and lOse^ 

* The etch rate .s significantly lower for the lluorina ted 
S.LK lis compared to the pristine one Regarding the 

or Vh ...m bstant,a-ly the same up ,0 a remaining 

th ,ckness o. about SOOnm (or an etch 
seconds) Afterwards the etch rate. ..e. the 'erroval rate. 
0 Uhe SiLK film, be.ng fluonnated dunng 5 seconds (SI 



is much higher than the etch rate lor the SiLK turn oemg 
fluormated during 10 seconds (6) This clearly indicates 
that the fluorinated part ol the SiLK film, being lluormat- 
ed during 5 seconds, had a thickness ol about 200nm 
and that this is substantially thinner than the lluor.naieo 
part ol the SiLK film, being fluorinated during 10 sec- 
onds. Due to the easy control ol the thickness ol the 
fluorinated part ol the film, this fluorinated part can be 
used as a hard mask layer lor polymer patterning 
[0026] In another embodiment ol the invention as a 
second example (figure 3). a detailed descr.pi.on ol the 
processing steps involved to create a particular .solation 
or interconnect structure .• given .n*e.«.ng 
advantages of the use ol a fluonnated hard mask toyer 
^cJmparison to conventual used structure. .itrwuW 
£2 however that .he invents is no, 
particular structure but the present .nvention can be P- 
p,ied lor any isolation or .nterconnect structure compr s 
*g organic polymer layers and where a hard mask .aye. 
is used for patterning these polymer layers 

On' a. fattened substrate , e a s.l.con wale- 
l" a first dielectric layer ( 12). i.e an organ.c polymer 
£ er comprising phenyl groups is formed. Example * 
such polymers are the benzocyclobutarenes le ben- 
ocyc^utene (BCB, commerca.ly available as , £ 
clotene 5021™. poly arylene ether. ,e FLARE- ll ar- 
omatic hydrocarbon, i.e. SILK™, poly.m.des 
S A patterned hard mask layer • formed .n this 
orSnic polymer film according lo a me.hod 0. the mven- 
2f PaSarly. first a part of this organic polymer m 
Seated by'exposure toan ^\^^\ 
onne said fluonnated part forming a first hard mask «y 
en 3) By doing so the thickness ol the organic polymer 
ler rema^ substantially unchanged and the K-vaK.e 
even debases. Then a patterned second sacnlica 
ha " mask layer ,14, e g a sil.con n.tnde layer s 
formed thereon (lig.3s.ep a,,. Further. sa.d m .hard 
mask layer .s patterned (fig.3.step b,) using said pat- 
i second hard mask layer as a mask and mereaf.er 
said second hard mask layer is removed 
mm A second d.elec.ric layer, e g an organic poi- 
H LyS- l«> « formed (step c„ over ,he patterned 
Cd mask layer and a resist layer < 1 6) -s formed on ,h,s 
second dielecuic layer The res.s, layer .s pauerned 
s ,ep d» and the second d.e.ec,r.c layer ,s etched using 
ne L. erned resist layer as a mask which can result « 
he Zmm o« a trench The firs, hard mask layer uno 
ions as an e.ch stop layer .hereby prevenung the ex- 
ension from the trench ,n the firs. tfttctnc .aye s. P 
e)) The firs, dielectric layer is then etched us.ng the pat- 
terned firs, hard mask layer as a mask .0 form a contact 
,0 (he substrate, . e. expos.ng the surface ol the sub- 
strate (step e)>. Alternately .nstead ol lorm.ng a con- 
So me Substrate, a.soa contact ,0 a conductive layer 
can be formed. The etching ol the lirst and second d.e- 
lectric layer can be performed us.ng a s.ngle etch step 
or two etch steps. The patterned res.st layer is removed 
[0029] A conducive layer, e g an alloy ol or pure Ai 



S 



EP0 911 697 A2 



10 



Cu Ag. Pt Co. Ti. Ni or Au. or a combination ol a con- 
ductive layer (18) and a barrier layer (17). tike e.g. a Ti- 
contammg layer or a Co-containing or a Ni-containing 
layer can be deposited (steps f) and g)) thereby filling 
the contact in the first and second dielectric layer and 5 
the trench in the second dielectric layer. 
[0030] According to a state ol the art method, instead 
of fluonnating the first dielectric layer to form a first hard 
mask layer in the organic polymer film, a structural hard 
mask layer is formed on the dielectric layer. The thick- io 
ness of the hard mask layer is determined by the RIE 
step for the patterning of the organic polymer and by the 
reflections of the lithographic resist mask during expo- 
sure The thickness is typical 0.03 Mm or more. Thii pat- 
lerned hard mask layer may not be removed. The two '* 
clear disadvantages thereof are: the total thickness of 
the stack of insulating layers increases and the K-value 
ol most inorganic hard mask layers is substantially high- 
er than the K value of an organic polymer Both d.sad- 
vantages negatively influence the inter- and intra-metal 
capacitance 

r0031l m another embodiment of the invention, as a 
third example, a detailed description of the process.ng 
steps involved to create a particular interconnect struc- ^ 
ture is given 

f 0032] An interconnect pattern is created in a conduc- 
ive layer on a flattened substrate. This pattern is made 
t>v blanket deposition of Ti. TiN. alloyed or pure Al or 
alloyed or pure Cu or any low resistive metal patterned 
using a RIE step with a lithographic developed resist as « 
a mask After the RIE step the resist left-over is removed 
using a solvent stripper combined w.th an isotropic ox- 
yqen plasma 

0033] Next the isolator, which is an organic polymer 
composing phenyl groups, is applied by spin coating, * 
toiiowed by a densificalion step such as a furnace an- 
neal at 350 °C lor .30 minutes in a nitrogen ambient. The 
organic polymer will provide the necessary electrical 
notation between the interconnect patterns and will pro- 
vide the necessary flatness for the deposition of the next 
level The thickness of the organic polymer is typical 

T^rgSc polymer used is Cyclotene 5021™ from 
Dow Chemical The chemical formulation is div.nyl s.- 
,oxane benzocyclobutane Since the isolator is an or- 
ganic polymer layer it is possible to pattern the isolator 
with an oxygen based RIE. 

[0034] For the patterning of the organic polymer layer 
a hard mask layer is formed in the organic polymer layer 
as follows After deposition and patterning of a resist lay- 
er which forms a diffusion barrier for fluorine, the organ- 
,c polymer layer is partly fluorinated by exposure to an 
ambient comprising fluorine thereby creating a pat- 
terned hard mask layer. The resist layer is removed. 
The organic polymer is etched using an oxygen based 
plasma chemistry and using the patterned hard mask 
layer as a mask 

[0035] After patterning of the organic polymer the 



subsequent conductive level is implemented A wet or 
a dry clean or a combination of a wet and a dry clean is 
performed. A barrier layer (6) such as Ti. TiN Ta TaN 
is formed by means of a chemical or physical vapour 
deposition technique, followed by a metal deposition 
and an etch back. 

[0036] Finally a conductive layer is deposited using 
an alloy of or pure Al. Cu. Pt Ti. Ni. Co. Au or Ag. pat- 
terned and capped by a Ti-containmg layer or a Co-con- 
taining layer or a Ni-containing layer 



Claim* 

1 . A method lor forming a patterned hard mask layer 
in an organic polymer film comprising the steps ol 

fluonnating a part ol ah organic polymer film 
said fluonnated part forming a first hard mask 
layer: 

forming a patterned second hard mask layer on 
said film: 

patterning said first hard mask layer using sa.d 
patterned second hard mask layer as a mask 
removing said second hard mask layer and 
etching said organic polymer film using said 
patterned first hard mask layer as a mask 

2 A method as recited in claim 1 wherein said organic 
polymer film is an organic polymer compr.sing at 
least one phenyl group 

3 A method as recited in claim 2. wherein said organic 
polymer film comprising at least one phenyl group 
is selected from a group comprising the benzocy- 
clobutarenes. poly arylene ether aromatic hydro- 
carbon, and potyimides 

4 A method as recited in claim 1 . wherein said fluon- 
nation of said organic polymer layer is performed in 
an ambient comprising fluorine substantially with- 
out changing the thickness of said organic polymer 
layer 

5 A method as recited in claim 4. wherein said fluorine 
,s generated from a source selected I rom the group 
comprising NF 3 . SF 6 . CIF 3 . F 2 . XeF 2 and C,F y x 
and y being positive whole numbers greater than 
zero. 

6 A method as recited in claim 1 wherein said second 
hard mask layer is selected from the group compns- 
mg oxides, nitrides and oxynitndes 

7, A method for patterning an organic polymer film 
comprising the steps of 

defining at least one first region and at least one 
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second region in an organic polymer film 
formed on a. substrate, said first region being 
uncovered and said second region being cov- 
ered with a iayer forming a diffusion barrier for 
fluorine. 

exposing said first and said second region to 
an ambient comprising fluorine resulting in the 
fluonnation of at least a part of said first region: 
removing said layer; 

selectively removing at least a part of said sec- 
ond region by etching, using said first region as 

a masK. 

6 A method as recited in claim 7. where.n satd organic 
polymer film is an organic polymer comprising at 
least one phenyl group 

9 Amethodasrecited»ncla.m3 wherein sa.d organic 
' polymer film comprising at least one phenyl group 

is selected from a group comprising the benzocy- 
ciobutarenes poly arylene ether. aromat.c hydro- 
carbon and polyimides. 

10 A method as recited in claim 6. where.n sa.d. layer 
forming a diffusion barrier for fluorine is selected 
from the group composing resists oxtdes n.tr.des 
and oxyn.trides. . 

! ! use of the method as recited in claim i and claim 7 
* tor the tabr.cat.on of dev.ces comprising .ntercon- 
nect structures 
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Figure 3 
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